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Ab stract
Struc ture and com po si tion of mol lus can as sem blages de pend on natu ral fac tors such as: cli mate, vege ta tion, char ac ter
of back ground, en vi ron mental con di tions and, in ten sity of geo logi cal pro cesses as well as on the hu man im pact. Vis -
tulian and Holo cene com mu ni ties of snails and bi valves ex actly re flect changes of habi tats. Se quences of these fauna
can be used for bi os tra tigra phy and stra tigraphi cal sched ule. The old est part of the pre sented scheme cor re sponds with
Last Pleni gla cial char ac ter ized by poor com mu ni ties with a high con tent of open coun try spe cies ac cept ing the arc tic
and sub arc tic cli mate. Cli matic fluc tua tions dur ing the Late Gla cial caused a sub stan tial re com po si tion of as sem -
blages. In colder phases com mu ni ties abound ing in open coun try spe cies of high eco logi cal tol er ance oc cur com -
monly. Fauna con nected with warmer stages usu ally con tains wood land spe cies. At the be gin ning of the Holo cene, a
rapid warm ing was fol lowed by the ex pan sion of for ests. Shade- loving spe cies in creased in number, while cold tol er -
ant snails gradu ally dis ap peared. The maxi mal ex pan sion of wood land snails is con nected with the At lan tic Phase.
Dur ing the Up per Holo cene mol lus can com mu ni ties in di cate the prog ress of hu man im pact. The pro posal of mala cos -
tra tigraphi cal sub di vi sion pre sented be low can be cor re lated with simi lar schemes de fined in neigh bor ing coun tries. It
sup ple ment paly no logi cal schemes or even can be used as main way to stra tigraphi cal re con struc tions.
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IN TRO DUC TION
Well pre served shells of snails and bi valves oc cur in dif -

fer ent types of Qua ter nary sedi ments par ticu larly those con -
tain ing a suf fi cient quan tity of cal cium car bon ate. Nu mer ous
sites of de pos its rich in sub fos sil mol luscs are found in ar eas
com posed of car bon ate rocks, mainly lime stones and also
marls, dolo mites as well as sand stones with limy ma trix. In
geo logi cal re gions rich in mollusc- bearing de pos its pa laeo -
bo tani cal data are rela tively rare, so they can be sig nifi cantly
sup ple mented by re sults of mala co logi cal in ves ti ga tions. In
such de pos its snails and bi valves are usu ally much more nu -
mer ous than other sub fos sil or gan isms (ver te brates, os tra -
coda).

Mol lusc shells oc cur com monly both in ter res trial and in
fresh wa ter sedi ments, of ten through out the whole de po si -
tional se quence. Their as sem blages cor re spond with lo cal
habi tats and re flect al most origi nal com po si tion of mala co -
cen oses liv ing dur ing depo si tion of sedi ments. Most of spe -
cies liv ing re cently in Cen tral Europe are known in this area
since the Eemian In ter gla cial. Due to that, mala co fauna ap -
peared very use ful in palaeo geo graphi cal and stra tigraphi cal
analy ses of Late Qua ter nary for ma tions (see e.g. Ložek
1964, 1973; S.W. Al ex androwicz 1987a; W.P. Alexandro-
wicz 2004). In this re spect the knowl edge of the ecol ogy and
geo graphi cal dis tri bu tion of mod ern mol luscs could be used
for in ter pre ta tion of sub fos sil as sem blages.

Dur ing the last Pleni gla cial, Late Gla cial and Holo cene
cli matic os cil la tions forced sub stan tial changes of habi tats
and bio cen oses in clud ing more or less fun da men tal re ar -
range ment of mol lusc as sem blages, ex pressed by the ap pear -
ance and ex tinc tion of par ticu lar spe cies and their groups.
Cy clic al ter na tions of warmer and cooler and/or dryer and
more hu mid phases were the first fac tor re spon si ble for the
in ten sity of geo mor pho logi cal pro cesses as well as the evo lu -
tion of habi tats, fi to cen oses and fi nally mala co cen oses. The
hu man im pact mani fested mostly in the Mid dle and Late
Holo cene was the sec ond fac tor of these changes (S.W.
Alexandrowicz 1987a; W.P. Al ex androwicz 2004).

The clas si cal sub di vi sions of Vis tulian and Holo cene re -
flect changes of cli mate. The de pend ence of snails and bi -
valves on preva lent cli matic con di tions makes mol luscs as
im por tant ma te rial in stra tigraphi cal in ves ti ga tions par ticu -
larly in cli ma to stra tigra phy.

Se quences of mol lusc as sem blages de scribed from nu -
mer ous lo cali ties in Cen tral Europe pro vided prin ci ples for
pa leo geo graphi cal re con struc tions and en abled con struc tion
of more or less gen er al ized mala cos tra tigraphic schemes
(Ložek 1964, 1982; Kerney 1977; S.W. Al ex androwicz
1987a; W.P. Al ex androwicz 2004) of re gional im por tance.

Ap pli ca tion of bi os tra tigraphi cal units (dif fer ent types
of bi os tra tigraphi cal zones) in the con struc tion of stratigra-
phical sub di vi sions in older geo logi cal for ma tions (Cam -



brian, Or do vi cian etc.) (Kutek 1972, Racki Nark iewicz (eds)
2006) is re stricted or even use less in the re spect to the Late
Qua ter nary due to the short du ra tion of this pe riod. These
units can be re placed by “nomi nal zones” – un for mal units
pro posed by S.W. Al ex androwicz (1987a) re garded as ecos -
tra tigraphi cal ones.

This pa per pres ents a new pro posal of malacostratigra-
phical sub di vi sion of Late Gla cial and Holo cene. This sub di -
vi sion can be used as a ba sis for cor re la tions, both in the lo cal
and re gional scale, be tween mala co logi cal se quences rep re -
sent ing pro files of sedi ments of dif fer ent gene sis. Ma jor ity of 
older pro pos als of such sub di vi sions are of lo cal sig nifi cance
(e.g. Gedda 2001, Mey rick 2002) or can be used only to par -
ticu lar types of de pos its (for ex am ple: S.W. Al ex androwicz
1995a; W.P. Al ex androwicz 2004). The pre sented scheme,
in con trast to the older ones (e.g. S.W. Al ex androwicz

1987a; Skomp ski 1996), con tains mala cos tra tigraphi cal
units de fined bas ing on de tailed de scrip tion of the mol lus can
com mu ni ties. It con tains also, for the first time, ap pointed
stra to type and hi pos tra to type pro files. Mala cos tra tigraphi cal 
sub di vi sion of fresh- water en vi ron ments is the first such pro -
posal not only in Po land, but also in the whole Europe.

DE SCRIP TIONS OF ZONES

The pro posed scheme is based on de tailed analy ses of
nu mer ous pro files of Late Gla cial and Holo cene molluscs-
bear ing de pos its from Po land. The age of par ticu lar zones
has been es tab lished ac cord ing to ra dio car bon data (cited by:
S.W. Al ex androwicz 1983, 1995a; S.W. Al ex androwicz,
W.P. Al ex androwicz 1995a, 1995b; Skomp ski 1996; W.P.
Al ex androwicz 1999a, 2004, 2007; and ref er ences therein).
The scheme con sists of two ele ments: the first one in clud ing
zones dis tin guished in fau nal suc ces sions in ter res trial habi -
tats, and the sec ond re lated to suc ces sions in wa ter bio topes.
For each mala cos tra tigraphi cal unit de scribed be low, the
typi cal pro file (stra to type) is pointed. In the stra to type pro file 
the mol lus can com mu nity used to de fine the zone is de -
scribed in de tail, and its stra tigraphi cal po si tion is well de ter -
mined by ra dio car bon dat ing. Other, well elabo rated pro files
are re garded as sup ple men tary (hypos tra to type) ones (Fig. 1,
Tabs 1, 2).

Malacostratigraphic sub di vi sion of ter res trial
en vi ron ments (Fig. 2-L)

Trichia hispida zone – 32,000–25,000 14C years BP
(Early Plenivistulian) (Fig. 2-L)

The tol er ant open coun try and catho lic spe cies adapted
to the cold, con ti nen tal cli mate are the main com po nent of the 
as sem blage. It cor re sponds with the phase of open- country
en vi ron ments of the tun dra or steppe- tundra type. The ad -
mix ture of meso phi lous snails in di cate the oc cur rence of
shrubs or even light for ests and rela tively hu mid habi tats.
The low in ten sity of loess ac cu mu la tion is ob served dur ing
the phase in ques tion. The most char ac ter is tic as sem blage is
com posed of the nomi nal taxon and typi cal loess spe cies: Pu -
pilla mus co rum (L.), Suc ci nea ob longa Drap., Ari anta ar -
bus to rum (L.) and some oth ers.

Pupilla muscorum loessica zone – 25,000–21,000 14C
years BP (Mid dle Plenivistulian) (Fig. 2-L)

The poor com mu nity with pre domi nance of cold tol er ant 
snails is typi cal for this zone. It cor re sponds with cold, se vere 
and dry con ti nen tal cli mate and in di cates the en vi ron ment of
sub arc tic steppes with lim ited hu mid ity. The most typi cal
com mu nity con tains only loess spe cies such as: Pu pilla mus -
co rum lo es sica Ložek, Pu pilla mus co rum den se gy rata
Ložek, Pu pilla mus co rum (L.), Val lo nia tenuilab ris (Brown) 
and Suc ci nea ob longa Drap. Pro gres sive cool ing of cli mate
dur ing the Pleni gla cial and oc cur rence of stages of in ten sive
loess ac cu mu la tion are marked by the de crease of spe cies di -
ver sity. In spe cial cases the nomi nal taxon oc curs as the only
one in the as sem blage. Pu pilla mus co rum lo es sica Ložek
was de fined by Ložek (1965) as a dis tinct spe cies but ac cord -
ing to the re sults of bio met ri cal stud ies the men tioned taxon
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Fig. 1. Dis tri bu tion of stratotype pro files of mol lusc bear ing de -
pos its in Po land. 1. Stratotype pro files: Cz – Czêstochowa, Gb –
Grabowo, Gz – Gdów-Zab³ocie, Kr – Krynica, Os – Ostrysz, Pi –
Piñczów, Rc –Rac³awka Stream Val ley, Rz – Rze¿uœnia, Wg –
Wigry Lake, Za – Zawadówka; 2. Hypostratotype pro files: Bn –
Bnin Lake, Db – D¹bki, Gg – Gdów-Zagórze, Gl – Gliczarów, Gr –
Groñ, Hn – Henryków, Kc – Kórnickie Lake, Ln – £apsze Ni¿ne,
Ma – Maszków, Nm – Nietulisko Ma³e, Od – Odonów, Rd –
Rudawa, Ro – Roztoki, Sd – Sieradowice, Si – Si enna, Sw –
Skowarcz, Sz – Szklarka Stream Val ley, Tl – T³umaczów, Tr –
Trzebienice, Ty – Tylka, Ut – Ustka, Zs – Zaskale.



can be re garded as sub spe cies or even only as eco form of Pu -
pilla mus co rum (L.) adapted to a very cold cli mate and high
in ten sity of aeo lian ac cu mu la tion (£opuszyñska 2002). The
de scribed com mu nity is simi lar to the “Pupilla- fauna” de -
scribed by Ložek (1965).

Succinea oblonga zone – 21,000 – 15,000 14C years BP
(Late Plenivistulian) (Fig. 2-L)

This zone rep re sents grad ual warm ing of cli mate and de -
crease of in ten sity of loess depo si tion. The phase in ques tions 
cor re sponds with the ex pan sion of wet or semi- wet, open

habi tats. The nomi nal spe cies usu ally pre domi nates. Other
cold tol er ant snails: Pu pilla mus co rum (L.), Semili max ko tu -
lae (West.), Ver tigo gene sii (Gredl.) and oth ers oc cur as ac -
ces sory com po nents. Suc ci nea ob longa Drap. found in loess
de pos its was ear lier iden ti fied as Suc ci nea ob longa elon gata
Standb. (Ložek 1965). How ever, ac cord ing to re cent bio met -
ri cal analy sis dis tin guish ing the last men tioned taxon is not
jus ti fied (£opuszyñska 2002). The de scribed com mu nity is
simi lar to the “Succinea- fauna” (Ložek 1965).

The zones de scribed above (Trichia hispida, Pupilla
muscorum loessica and Succinea oblonga) could be dis tin -
guished in nu mer ous pro files of loess and loess-like de pos its
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Ta ble 1
Stratotype and hypostratotype pro files of malacofauna of ter res trial en vi ron ments

Zone Main lo cal i ties (stratotypes) Sup ple men tary lo cal i ties (hypostratotypes)

Trichia hispida

Piñczów (loess)

T³umaczów (loess)

Pupilla muscorum loessica
Maszków (loess)

Odonów (loess)

Succinea oblonga Si enna (slope de pos its)

Ver tigo parcedentata Czêstochowa (ae olian sand and silt)
Nietulisko Ma³e (loess)
Ustka (peat)

Semilimax kotulae Krynica (slope de pos its)
Groñ (slope de pos its)
Gliczarów (slope de pos its)

Ver tigo genesii Gdów-Zab³ocie (cal car e ous tufa)
Szklarka Stream Val ley (cal car e ous tufa)
Gliczarów (cal car e ous tufa)
Sieradowice (cal car e ous tufa)

Dis cus ruderatus Rac³awka Stream Val ley (cal car e ous tufa)

£apsze Ni¿ne  (fluviatile de pos its)
Gliczarów (cal car e ous tufa)
Sieradowice (cal car e ous tufa)
Trzebienice (cal car e ous tufa)

Dis cus perspectivus Rac³awka Steram Val ley (cal car e ous tufa)
£apsze Ni¿ne (fluviatile de pos its)
Gliczarów (cal car e ous tufa)
Trzebienice (cal car e ous tufa)

Vallonia pulchella Rac³awka Stream Val ley (cal car e ous tufa)
Sieradowice (cal car e ous tufa)
Trzebienice (cal car e ous tufa)

Perforatella vicina Ostrysz (cal car e ous tufa)
Gliczarów (cal car e ous tufa)
Zaskale (cal car e ous tufa)

Cecilioides acicu la Rac³awka Stream Val ley (cal car e ous tufa)
Gdów-Zagórze (fluviatile de pos its)
Henryków (fluviatile de pos its)
Rudawa (fluviatile de pos its)

Ta ble 2
Stratotype and hypostratotype pro files of malacofauna of fresh-wa ter en vi ron ments

Zone Main lo cal i ties (stratotypes) Sup ple men tary lo cal i ties (hypostratotypes)

Pisidium obtusale laponicum Zawadówka (peat and cal car e ous tufa)
Ustka (lac us trine chalk)
Roztoki (lac us trine chalk)
Skowarcz (lac us trine chalk)

Gyraulus laevis Rze¿uœnia (cal car e ous tufa)
Roztoki (lac us trine chalk)
Skowarcz (lac us trine chalk)
Szklarka  Stream Val ley (cal car e ous tufa)

Bithynia tentaculata Grabowo (cal car e ous tufa)
Roztoki (lac us trine chalk)
D¹bki (lac us trine chalk)
Skowarcz (lac us trine chalk)

Bythyniella austriaca Ostrysz (cal car e ous tufa)
Gliczarów (cal car e ous tufa)
Zaskale (cal car e ous tufa)
Tylka (cal car e ous tufa)

Dreissena polymorpha Wigry Lake (lac us trine chalk)
Kórnickie Lake (cal car e ous gytia)
Bnin Lake (cal car e ous gytia)



de scribed in South ern Po land. The most com plete se quences
were found in Piñczów (Nida Ba sin) (W.P. Alexandrowicz,
Ur ban 2002) – stratotype pro file. Pro files in T³umaczów
(Sudety Mts.) (W.P. Alexandrowicz 1999b), Maszków and
Odonów (Ma³opolska Up land) (S.W. Alexandrowicz 1986,
1991a, 1995a) and in Si enna (Flysch Carpathians) (S.W.
Alexandrowicz 1988, S.W. Alexandrowicz et al. 1991) can
be re garded as sup ple men tary (hypostratotype) ones (Fig. 1,
Tab. 1).

Ver tigo parcedentata zone – 15,000–11,800 14C years BP
(Pre-Alleröd) (Fig. 2-L)

This is the phase of cool cli mate with in ten sive de vel op -
ment of hu mid, wet and swampy hab i tats. The typ i cal com -
mu nity con tains cold tol er ant spe cies, pre fer ring wet hab i tats 

such as: Ver tigo genesii (Gredl.), Ver tigo geyeri Lindh.,
Columella columella (G. Mart.). Loess taxa which were the
main com po nents of Pleniglacial malacocenoses grad u ally
de creased. In a sin gle lo cal i ties more di verse com mu ni ties
en riched in cath o lic snails are noted. These pro files could be
prob a bly cor re lated with BÝlling Interphase, how ever, ac -
cord ing to malacological data this warmer ep i sode prac ti -
cally can not be dis tin guished. Stratotype suc ces sion – Czê-
stochowa (Cra cow-Czêstochowa Up land) (W.P. Alexan-
drowicz, Kobojek 1997). Pro files in Nietulisko Ma³e (Holy
Cross Mts) (S.W. Alexandrowicz 1987b) and Ustka (Bal tic
coast) (S.W. Alexandrowicz et al. 1989) are hypostratotypes
(Fig. 1, Tab. 1).

Semilimax kotulae zone – 11,800–11,000 14C years BP
(Alleröd Interphase) (Fig. 2-L)

This zone rep re sents warm ing of cli mate and con se quent 
ex pan sion of shady hab i tats, most prob a bly bushes or light
co nif er ous for ests. The typ i cal as sem blages con tain shade-
lov ing, cold-tol er ant spe cies such as: Semilimax kotulae
(West.), Arianta arbustorum (L.) ac com pa nied by mesophi-
lous snails: Nesovitrea hammonis (Ström), Euconulus fulvus
(Müll.) and oth ers. Spe cies char ac ter is tic for cold, arc tic cli -
mate like Ver tigo genesii (Gredl.), Ver tigo geyeri Lindh,
Columella columella (G.Mart.) as well as for est snails ap pear 
oc ca sion ally. Stratotype suc ces sion – Krynica (Flysch Car-
pathians) (S.W. Alexandrowicz, Z. Alexandrowicz 1998,
1999; W.P. Alexandrowicz 2004), hypostratoype pro files
are lo cated in Podhale Ba sin – Groñ (W.P. Alexandrowicz
1997) and Gliczarów (W.P. Alexandrowicz 1997, 2003)
(Fig. 1, Tab. 1).

Ver tigo genesii zone – 11,000–10,250 14C years BP
(Youn ger Dryas) (Fig. 2-L)

This zone rep re sents woodless, open tun dra-type hab i -
tats with marshes and swamps gen er ally re flect ing cool ing of 
cli mate. Bushes and light for ests de crease. The mol lusc
fauna com prises mainly cold tol er ant, hygrophilous snails:
Ver tigo genesii (Gredl.), Ver tigo geyeri Lindh. and Colu-
mella columella (G. Mart.). Cath o lic spe cies: Nesovitrea
hammonis (Ström), Euconulus fulvus (Müll.) sup ple ment
this com mu nity. For est and shade-lov ing snails oc cur spo -
rad i cally. Stratotype suc ces sion – Gdów-Zab³ocie (Flysch
Carpathians) (S.W. Alexandrowicz, Chmielowiec 1992).
Pro files in Gliczarów (Podhale Ba sin) (W.P. Alexandrowicz
1997, 2003), Sieradowice (Holy Cross Mts) (S.W. Alexan-
drowicz et al. 1987, W.P. Alexandrowicz 2004) and in
Szklarka Stream Val ley (Cra cow-Czêstochowa Up land)
(S.W. Alexandrowicz 1983, 1989; W.P. Alexandrowicz
2004) can be re garded as hypostratotypes (Fig. 1, Tab. 1).

Dis cus ruderatus zone – 10,250–8,400 14C years BP
(Early Ho lo cene) (Fig. 2-L)

This zone cor re sponds to ame lio ra tion of cli mate and
sig nif i cant rearrangment of plant for ma tions. Open and wet
tun dra-type biotopes are re placed by shady ones. Dom i nance 
of for est hab i tats with sig nif i cant pro por tion of co ni fer trees
grow ing in cli mate of strong con ti nen tal in flu ence is com -
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Fig. 2 Malacostratigraphic scheme of the Last Plaeniglacial.
Late Gla cial and Ho lo cene in Po land. Ka – 14C age BP in thou sands
years; ST – stra tig ra phy: PL – Last Pleniglacial, PA – Pre-Alleröd
Pe riod (sensu W.P. Alexandrowicz 1997, 2004), AL – Alleröd, YD
– Youn ger Dryas, PB – Preboreal Phase, BO – Bo real Phase, AT –
At lan tic Phase, SB – Subboreal Phase, SA – Subatlantic Phase; L –
ter res trial snails, W – fresh-wa ter molluscs.



monly ob served. These changes lead to ex ten sion of tax o -
nom i cal di ver sity of mol lus can as sem blages. Wood land
spe cies be come dom i nant com po nents of the com mu ni ties,
and are sup ple mented with snails liv ing in shady or partly
shady, wet biotopes: Perforatella bidentata (Gmel.) and Ver -
tigo substriata (Jeffr.) as well as with mesophilous taxa. Oc -
cur rences of sin gle shells of gla cial relicts: Ver tigo genesii
(Gredl.), Ver tigo geyeri Lindh. and Columella columella (G.
Mart.) are noted. The de scribed com mu nity is sim i lar to the
“Ruderatus-fauna” (Dehm 1967). Stratotype pro file: Rac-
³awka Stream Val ley (Cra cow-Czêstochowa Up land) (S.W.
Alexandrowicz 1983; S.W. Alexandrowicz, Stworzewicz
1983; W.P. Alexandrowicz 2004). Hypostratotypes are lo -
cated in: £apsze Ni¿ne and Gliczarów (Podhale Ba sin) (W.P. 
Alexandrowicz 1997, 2003), Sieradowice (Holy Cross Mts)
(S.W. Alexandrowicz et al. 1987; W.P. Alexandrowicz
2004) and Trzebienice (Cracow-Czêstochowa Upland)
(W.P. Alexandrowicz 2004) (Fig. 1, Tab. 1).

Dis cus perspectivus zone – 8,400–5,100 14C years BP
(Mid dle Ho lo cene) (Fig. 2-L)

This zone cor re sponds with the postglacial cli ma tic op ti -
mum and in creas ing in flu ence of oce anic cli mate. In con se -
quence ex pan sion of dense de cid u ous for ests ap pears. Com-
munities of molluscs are sup plied by many spe cies of high
eco log i cal pref er ences. Rich and dif fer en ti ated malacoce-
noses are com posed of wood land snails such as: Dis cus
perspectivus (Mülhf.), Ruthenica filograna (Rossm.), Aego-
pinella mi nor (Stab.) and many oth ers. Mesophilous and
hygrophilous spe cies are ac ces sory com po nents of this
fauna, while the meadow taxa are prac ti cally ab sent. The de -
scribed com mu nity is sim i lar to the “Perspectivus-fauna” de -
scribed by Dehm (1987). Stratotype pro file: Rac³awka
Stream Val ley (Cra cow-Czêstochowa Up land) (S.W. Ale-
xandrowicz 1983; S.W. Alexandrowicz, Stworzewicz 1983;
W.P. Alexandrowicz 2004). Hypostratotype pro files have
been de scribed from: £apsze Ni¿ne and Gliczarów (Podhale
Ba sin) (W.P. Alexandrowicz 1997, 2003) and Trzebienice
(Cra cow-Czêstochowa Upland) (W.P. Alexandrowicz
2004) (Fig. 1, Tab. 1).

Vallonia pulchella zone – 5,100–1,000 14C years BP (Late 
Ho lo cene) (Fig. 2-L)

This zone is con nected with the de vel op ment of hu man
ac tiv ity and set tle ments, in par tic u lar with de for es ta tion and
re lated trans for ma tion of for est biotopes into open grass -
lands. Tax o nom i cal di ver sity of mol lus can as sem blages
mark edly de crease. Rich com mu ni ties of wood land snails
are re placed by rel a tively poor as sem blages dom i nated by
open-coun try taxa (Vallonia pulchella (Müll.), Vallonia
costata (Müll.) and oth ers). Shade-lov ing forms typ i cal for
bushes as well as mesophilous spe cies are only sub or di nate
com po nents of the fauna. The de scribed zone can be dis tin -
guished mainly in Mid-Pol ish Up lands. Stratotype pro file:
Rac³awka Stream Val ley (Cra cow-Czêstochowa Up land)
(S.W. Alexandrowicz 1983; S.W. Alexandrowicz, Stworze-
wicz 1983; W.P. Alexandrowicz 2004), hypostratotypes:
Sieradowice (Holy Cross Mts) (S.W. Alexandrowicz et al.
1987; W.P. Alexandrowicz 2004) and Trzebienice (Cra -

cow-Czêstochowa Upland) (W.P. Alexandrowicz 2004)
(Fig. 1, Tab. 1).

Cecilioides acicu la zone – 1,000–0 14C years BP (his tor i -
cal ep och) (Fig. 2-L)

This zone rep re sents ex ten sion of plough-fields and
farm lands i.e. ar eas re main ing un der the in ten sive landuse
and anthropopressure. Mol lusc as sem blages are very poor
and con tain spe cies in hab it ing ag ri cul ture ar eas (Oxychilus
inopinatus (Uli.), Cecilioides acicu la (Müll.)) as well as
grass lands (Vallonia pulchella (Müll.), Vallonia costata
(Müll.). The men tioned zone can be dis tin guished in ar eas
trans formed by hu man ac tiv ity, mainly ag ri cul ture (Mid-Pol -
ish Up lands, Carpathian Foot hills). Stratotype pro file: Rac-
³awka Stream Val ley (Cra cow-Czêstochowa Up land) (S.W.
Alexandrowicz 1983; S.W. Alexandrowicz, Stworzewicz
1983; W.P. Alexandrowicz 2004), hypostratotype ones are
lo cated in: Rudawa (Cra cow-Czêstochowa Up land) (Rut-
kowski 1991; W.P. Alexandrowicz 2004), Gdów-Zagórze
(Flysch Carpathians) (S.W. Alexandrowicz, Chmielowiec
1992) and Henryków (Sudety Foot hill) (S.W. Alexandro-
wicz, Teisseyre 1997) (Fig. 1, Tab. 1).

Perforatella vicina zone – 5,100–0 14C years BP (Late
Ho lo cene) (Fig. 2-L)

This zone cor re sponds with ar eas of low hu man im pact
cov ered in sig nif i cant part with nat u ral for ests. Com mu ni ties
of molluscs are rel a tively rich and dif fer en ti ated. They com -
prise shadow-lov ing spe cies: Perforatella vicina (Rossm.),
Ena montana (Drap.), Eucobresia nivalis (Dum et Mort.) and 
oth ers, ac com pa nied by cath o lic snails such as: Nesovitrea
hammonis (Ström) and Euconulus fulvus (Müll.). The men -
tioned zone can be dis tin guished mainly in Carpathians. The
pro file in Ostrysz (Podhale Ba sin) (W.P. Alexandrowicz
1997, 2001) is the stratotype one. Pro files in Gliczarów
(Podhale Ba sin) (W.P. Alexandrowicz 1997, 2003) and in
Zaskale (Pieniny Mts) (W.P. Alexandrowicz 2004) can be
re garded as hypostratotype sequences (Fig. 1, Tab. 1).

Malacostratigraphic sub di vi sion of fresh-wa ter
en vi ron ments (Fig. 2-W)

Pisidium obtusale laponicum zone – older than 12,000
14C years BP (Plenivistulian, Prealleröd) (Fig. 2-W)

This zone cor re sponds with se vere, sub arc tic or even
arc tic cli mate. Com mu ni ties of molluscs com prise mainly
cold tol er ant bi valves such as: the nom i nal taxon, Pisidium
stevarti Pe ter son, Pisidium lillieborgi Cless., ac com pa nied
by wa ter snail: Gyraulus laevis (Ald.). Land spe cies are rep -
re sented by hygrophilous taxa in habiting swamps and
marshes (Ver tigo genesii (Gredl.), Ver tigo geyeri Lindh.).
The de scribed fauna de vel oped in small and shal low fresh -
wa ter bod ies with ini tial car bon ate ac cu mu la tions. Strato-
type suc ces sion – Zawadówka (Lublin Up land) (W.P. Ale-
xandrowicz 2004; Dobrowolski et al. 2005), hypostratotype
pro files: Skowarcz (¯u³awy Wiœlane) (W.P. Alexandrowicz
1999a, 2002), Ustka (Bal tic coast) (S.W. Alexandrowicz et
al. 1989) and Roztoki near Jas³o (Flysch Carpathians) (S.W.
Alexandrowicz 1987c) (Fig. 1, Tab. 2).
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Gyraulus laevis zone – 12,000 – 9,300 14C years BP
(Alleröd, Youn ger Dryas, Preboreal Phase) (Fig. 2-W)

This zone char ac ter ises cold cli mate with strong con ti -
nen tal in flu ence. Rel a tively poorly di ver si fied as sem blage
in cludes cold tol er ant and euryecological wa ter spe cies.
Gyraulus laevis (Ald.), Pisidium stevarti Pe ter son, Pisidium
obtusale laponicum Cless. be longs to the first men tioned
group, while Galba truncatula (Müll), Valvata piscinalis
(Müll.) and some oth ers rep re sent the sec ond one. This com -
mu nity is usu ally sup ple mented by hygrophilous land taxa
(Ver tigo genesii (Gredl.), Ver tigo geyeri Lindh.). The de -
scribed fauna de vel oped in small and shal low fresh wa ter
bas ins or flat zones of big ger lakes. Stratotype suc ces sion –
Rze¿uœnia (Cra cow-Czêstochowa Up land) (W.P. Alexan-
drowicz 2004), hypostratotype pro files: Roztoki near Jas³o
(Flysch Carpathians) (S.W. Alexandrowicz 1987c),
Szklarka Stream Val ley (Cra cow-Czêstochowa Up land)
(S.W. Alexandrowicz 1983, 1989; W.P. Alexandrowicz
2004) and Skowarcz (¯u³awy Wiœlane) (W.P. Alexandro-
wicz 1999a, 2002) (Fig. 1, Tab. 2).

Bithynia tentaculata zone – 9,300–1,000 14C years BP
(Bo real, At lan tic, Subboreal, Subatlantic Phases)
(Fig. 2-W)

This zone rep re sents dif fer ent types of fresh wa ter res er -
voirs de vel oped in tem per ate or rel a tively warm cli mate.
Rich and di verse as sem blage com prises nu mer ous wa ter spe -
cies of lim ited cli ma tic tol er ance: Anisus contortus (L.),
Anisus vor tex (L.), Gyraulus albus (Müll.) and many oth ers.
Sin gle shells of cold tol er ant taxa: Gyraulus laevis (Ald.),
Gyraulus acronicus (Fér.) are some times found, too. Two
types of the de scribed com mu ni ties can be dis tin guished.
The first one con tains snails and bi valves in hab it ing large
lakes (Lymnaeidae, Unioidae), while the sec ond one is com -
posed of taxa pre fer ring shal low or even tem po rary wa ter
bod ies (Anisus vorticulus (Trosch.), Armiger crista (L.) and
oth ers). Stratotype suc ces sion is lo cated in Grabowo near
Koszalin (Mid dle Pomerania) (S.W. Alexandrowicz 1995b). 
Pro files in Roztoki near Jas³o (Flysch Carpathians), (S.W.
Alexandrowicz 1987c), D¹bki near Dar³owo (Bal tic coast)
(S.W. Alexandrowicz 1991b) and Skowarcz (¯u³awy Wiœ-
lane) (W.P. Alexandrowicz 1999a, 2002) are hypostrato-
types (Fig. 1, Tab. 2).

Bythinella austriaca zone – 1,000–0 14C years BP
(his tor i cal pe riod) (Fig. 2-W)

This zone can be dis tin guished in re cently de pos ited
travertines and cal car e ous tufa. Typ i cal fea ture of this as sem -
blage is a very com mon oc cur rence of stenotopic snail
Bythinella austriaca (Frfld.) which con sti tutes from 60 to
90% of taxa and may even ex ceed 95%. The malacocenoses
in cludes also rare spec i mens of ter res trial spe cies, i.e. hygro-
philous, open-coun try forms (Succinea putris (L.)) or shade-
lov ing ones (Perforatella bidentata (Gmel.)), and even less
abun dant taxa typ i cal of more dry hab i tats. Im por tant mem -
bers of the as sem blage are other fresh wa ter molluscs the
most com mon of which is usu ally Pisidium personatum
Malm.. The de scribed fauna is typ i cal of cold wa ters of con -

stant tem per a ture and was en coun tered mainly in spring
zones rich in cal cium car bon ate. How ever, this as sem blage
may ap pear also in fast-flow ing streams of peb bly chan nels.
Stratotype suc ces sion – Ostrysz (Podhale Ba sin) (W.P.
Alexandrowicz 1997, 2001). Hypostratotypes are lo cated in
Gliczarów (Podhale Ba sin) (W.P. Alexandrowicz 1997,
2003), Zaskale (Pieniny Mts) (W.P. Alexandrowicz 2004)
and in Tylka (Pieniny Mts) (W.P. Alexandrowicz 2004,
2009) (Fig. 1, Tab. 2).

Dreissena polimorpha zone – 300–0 14C years BP (his tor -
i cal pe riod) (Fig. 2-W)

This zone cor re sponds with pe riod of strong anthropo-
pres sure. One re sult of hu man ac tiv ity is the in creased mi gra -
tion of molluscs. Dur ing the last 300 years the na tive wa ter
fauna be came sup ple mented by nu mer ous taxa of high eco -
log i cal tol er ance (Dreissena polymorpha (Pallas), Potamo-
pyrgus antipodarum (Grey), Physa acuta Drap.). These spe -
cies are noted from both ar ti fi cial and nat u ral hab i tats. They
are usu ally well de vel oped in pol luted en vi ron ments, and
grad u ally pass into fresh wa ter res er voirs and rivers. Strato-
type suc ces sion – Wigry Lake (North-East Po land) (W.P.
Alexandrowicz 2000), hypostratotype pro files: Kórnickie
Lake and Bnin Lake (Wielkopolska Low land) (Wojciecho-
wski 1999) (Fig. 1, Tab. 1).

 CON CLU SIONS

The malacostratigraphic sub di vi sions of the Last Pleni-
gla cial, Late Gla cial and the Ho lo cene, in Po land is based
upon anal y ses of molluscs as sem blages and se lected spe cies,
which oc cur in dif fer ent types of sed i ments like loess,
slopewash, hillwash, cal car e ous tufa, lac us trine chalk, as
well as de pos its ac cu mu lated by rivers and streams or fill ing
caves and niches. Schemes of more or less re gional ex tent
were just pro posed in several European countries.

Malacostratigraphical sub di vi sions elab o rated in West -
ern Eu rope are usu ally based on sin gle lo cal i ties or on sev eral 
pro files of de pos its of sim i lar gen e sis dis trib uted in a sin gle
geo graph ical re gion (Ma nia 1973, 1995; Kerney 1977;
Kerney et al. 1980; Keen 1987; Limondin-Lozouet, Rous -
seau 1991; Rous seau et al. 1993, 1994; Gedda 2001; Mey-
rick 2001, 2002; Limondin-Lozouet, Preece 2004). Fot that
rea son they have only lo cal im por tance, and re gional strati -
graphi cal cor re la tion be tween par tic u lar schemes is difficult,
or even impossible.

Sub di vi sions worked out in Hun gary, Czech and Slo-
vakia (Ložek 1967, 1983, 2000; Krolopp 1983; Füköh 1993,
2000; Füköh et al. 1995) have more re gional im por tance and
can be used to the re gional cor re la tion. How ever they show
sub stan tial dif fer ences with re spect to the scheme pre sented
above, most prob a bly be cause of dis tinctly dif fer ent cli ma tic
reg i mens. In con se quence malacostratigraphical zones are
de fined by dif fer ent nom i nal spe cies, dif fer ent strati graphi -
cal po si tion and time spans of zones (Fig. 3). These dif fer -
ences oc cur par tic u larly in the Ho lo cene, while in Plenivistu- 
lian and Late Gla cial succession and com po si tion of mol lus -
can as sem blages are quite similar in the whole Central
Europe.
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The scheme pre sented here is im proved in re la tion to
Pol ish sub di vi sions elab o rated for merly (S.W. Alexandro-
wicz 1987a; Skompski 1996; W.P. Alexandrowicz 1997,
2004) since it is com posed of well de fined malacostrati-
graph i cal units, while in the pre vi ous sub di vi sions, the zones
were dis tin guished bas ing on sin gle spe cies (usu ally one)
only (Fig. 3).

Malacostratigraphical sub di vi sion of fresh-wa ter en vi -
ron ments pre sented here (Fig. 2-W, Tab. 2) may be ap pli ca -
ble over the large area of Cen tral and West ern Eu rope,
be cause com mu ni ties of fresh-wa ter molluscs de pend on en -
vi ron men tal and cli ma tic con di tions in a lim ited range. Cli -
ma tic fluc tu a tions lead only to more or less im por tant
changes of the struc ture of as sem blages, but usu ally do not
in duce (like as in ter res trial en vi ron ments) es sen tial re com bi -
na tion of tax o nom i cal com po si tion of the fauna. Dur ing the
last 30 000 years, in par tic u lar cli ma tic phases, sim i lar com -
mu ni ties of fresh-wa ter molluscs occurred on the whole ter ri -
tory of Cen tral and West Eu rope (Preece, Rob in son 1982;
S.W. Alexandrowicz 1987b; Walker et al. 1993; Griffiths et
al. 1994; Wil lis et al. 1995; Schwalb et al. 1998; W.P.
Alexandrowicz 1999a, 2007; Gaigalas et al. 2007). For this
rea son strati graphi cal correlation among geographical
regions seems to be relatively easy.
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